Study objective: Studies have shown that living in more deprived neighbourhoods is related to higher mortality rates, independent of individual socioeconomic characteristics. One approach that contributes to understanding the processes underlying this association is to examine whether the relation is modified by the country context. In this study, the size of the association between neighbourhood unemployment rates and all cause mortality was compared across samples from six countries (United States, Netherlands, England, Finland, Italy, and Spain). Design: Data from three prospective cohort studies (ARIC (US), GLOBE (Netherlands), and Whitehall II (England)) and three population based register studies (Helsinki, Turin, Madrid) were analysed. In each study, neighbourhood unemployment rates were derived from census, register based data. Cox proportional hazard models, taking into account the possible correlation of outcomes among people of the same neighbourhood, were used to assess the associations between neighbourhood unemployment and all cause mortality, adjusted for education and occupation at the individual level. Results: In men, after adjustment for age, education, and occupation, living in the quartile of neighbourhoods with the highest compared with the lowest unemployment rates was associated with increased hazards of mortality (14%-46%), although for the Whitehall II study associations were not statistically significant. Similar patterns were found in women, but associations were not statistically significant in two of the five studies that included women. Conclusions: Living in more deprived neighbourhoods is associated with increased all cause mortality in the US and five European countries, independent of individual socioeconomic characteristics. There is no evidence that country substantially modified this association. I n the past years, the adverse health consequences of living in deprived neighbourhoods have been increasingly recognised. Several, although not all studies reported an increased risk of death of residents living in poverty areas, after adjustment for individual socioeconomic factors.
I
n the past years, the adverse health consequences of living in deprived neighbourhoods have been increasingly recognised. Several, although not all studies reported an increased risk of death of residents living in poverty areas, after adjustment for individual socioeconomic factors. [1] [2] [3] [4] [5] [6] [7] The underlying mechanisms for this association however, remain to be further explored. One approach to understanding more about the processes linking the neighbourhood socioeconomic environment to mortality is to compare data across several countries. The presence of differences in these associations across countries would prompt further investigation of what specific country level factors increase or attenuate neighbourhood effects.
Methodological differences in studies published thus far, for example in the measurement of the neighbourhood socioeconomic environment, the adjustment for different (numbers of) socioeconomic indicators at the individual level, and differences in the statistical analysis, hamper a valid cross country comparison. This study extends the literature on the association between the residential environment and health by comparing the effects of the neighbourhood unemployment on all cause mortality in six countries, based on a cooperatively developed plan of analysis.
METHODS

Description of studies
Data on mortality, neighbourhood unemployment, and individual socioeconomic indicators were obtained from three prospective cohort studies in which samples were followed up over time (the ARIC study, US 8 ; the GLOBE study, Netherlands 9 ; the Whitehall II study, England [8] [9] [10] ), and three population based registry studies based on coverage of almost entire general populations (Helsinki metropolitan area, Finland, 4 Turin, Italy, 11 and Madrid, Spain 12 ). Table 1 provides an overview of the data sources. Baseline data in all studies were collected from 1985 onwards. Study populations included men and women aged 15-75 years of age. The ARIC study is carried out in four regions: Forsyth County NC, Jackson MS, north western suburbs of Minneapolis MN, and Washington County MD. In three of the four regions, the population reflects the demographic composition of the communities from which they were chosen (with predominantly, but not exclusively, white subjects). In the fourth region (Jackson) only black people were sampled. To make the six study populations in our study more comparable (and because the investigation of ethnic differences raises additional issues) analyses in the ARIC study were restricted to the three regions including mainly white people. Neighbourhoods were defined using existing administrative or geographical boundaries with the median number of residents per neighbourhood varying from n = 1220 in the study in Madrid to n = 14 090 in the study in Helsinki (table 2) .
Neighbourhood level data
Neighbourhood unemployment was used as an indicator of the neighbourhood socioeconomic environment. Unemployment was selected as the neighbourhood indicator because it was the variable that was available systematically across studies. Information on unemployment rates was derived from census based data in all studies. In all countries except Spain and the US, neighbourhood unemployment was calculated by dividing the number of unemployed persons (for example, actively seeking employment, thus excluding housewives, retirees, and students) by the total number of persons in the working age population (in general between 15 and 65 years of age). In Spain and the US, neighbourhood unemployment was defined as the population of unemployed persons among the economically active population in the working age population. Thus, instead of the entire working age population, the denominator in the Spanish and US definitions excluded persons not economically active or not in the labour force (for example, housewives, students, retirees). The substantial higher neighbourhood unemployment rates in Spain may be partly caused by this methodological deviation from the other studies, but they are also ''real'', as Spain is among the European countries with the highest unemployment rates.
Individual level data
Although different approaches were used to collect information on mortality, all studies had nearly complete mortality data, with the exception of the study in Madrid. In the ARIC study, information on all cause mortality was obtained through annual follow up phone calls, hospital surveillance, and vital statistics databases as well as National Death Index searches. 13 In the GLOBE study, information on mortality was collected annually via municipal population registers.
14 These registers cover the population completely and are maintained continuously with respect to death and changes of address. In the Whitehall II study, mortality was obtained via information from death certificates from vital statistical offices. In Helsinki, the 1990 census records of all men aged 20 years and older living in the Helsinki metropolitan area were linked to death records from 1991 until 1995. Records were linked by Statistics Finland using the personal identification codes. Less than 1% of the deaths could not be linked to census records. In Turin, information on mortality was directly obtained from the municipality population registry; the follow up covered the entire study population, which was selected among census residents linked to the population registry (linkage was successful for 96.6% of the total population in the census). In Spain, the 1996 population census and the 1996 and 1997 mortality registries were linked, using personal characteristics. Linkage was successful for 70% of all deceased persons. However, no significant differences were observed in sex, age, or residential area between deceased persons linked and those not linked.
Individual socioeconomic indicators included were education and occupation at baseline. Efforts were made to use indicators and categories as similar as possible across countries. Appendix 1 describes the categories used in all studies (available on line http://www.jech.com/supplemental). In each study, groups of education were distinguished based on the highest levels of education obtained. Whenever possible categories were constructed so they were comparable to the International Standard Classification of Education 15 (ranging from low to high education: 1 = ISCED levels 0 and 1; 2 = ISCED level 2; 3 = ISCED levels 3 and 4; 4 = ISCED levels 5 and 6).
In all studies, information about baseline current occupation was available. There were differences between studies in the treatment of those without a current occupation, such as homemakers, retirees, and unemployed. In the ARIC study, homemakers were in a separate category, in the GLOBE study all persons were asked for their current or last occupation with those without a job ever (for example, students, housewives, etc) classified in a separate group. In the occupation based cohort of Whitehall II there were no persons without a current occupation. In Helsinki those without a current job were classified according to their last job. In Turin last occupation was used for unemployed and retired persons, the latter based on the 1981 census, and housewives were in the same group as blue collar workers. In Madrid those without a current job were in a group called ''other''.
Statistical analysis
Participants with missing values for any of the variables listed above were excluded from the analysis. Cut off points were calculated for country specific quartiles of neighbourhood unemployment and descriptive analyses were carried out by these quartiles. Analyses were carried out for men and women separately. Age adjusted mortality rates by neighbourhood unemployment quartiles were calculated, using Poisson regression analysis. Cox proportional hazard models were used to assess the hazard ratio (HR) of living in the three quartiles with increased levels of neighbourhood unemployment, compared with the reference quartile (lowest unemployment rates). In model 1, this association was adjusted for individual age of study participants and in model 2 we additionally adjusted for personal education and occupation. In the proportional hazard models, the within neighbourhood correlation was taken into account by estimating the robust sandwich estimators in the PHREG procedure in SAS (version 8.2). Currently, multilevel models are mostly used in simultaneous analyses of neighbourhood and individual level data. We refrained from using this technique however, given the development stage of multilevel Cox proportional hazard models, and our primary interest in the comparison of the fixed effects between studies. In Helsinki and Madrid, the hazard ratios were analysed using multilevel random intercepts Poisson analysis with the GLIMMIX macro in SAS. This was done because the individual level data were available in a cross tabulated form according to the variables included in the analysis. Each cell in the table included information on the number of deaths and the number of person years lived during the follow up period, and the cell was taken to be the unit of analysis. Analyses were carried out separately by researchers in each of the studies.
RESULTS
Country specific cut off points of quartiles of neighbourhood unemployment were approximately similar in the ARIC, GLOBE, and Whitehall II studies and in Turin (table 3) . Cut off points of quartiles of neighbourhood unemployment were substantially lower in Helsinki and substantially higher in Madrid. The mean age of the participants was about 45 years in all studies, with participants in the ARIC and GLOBE study being slightly older on average. All studies included about equal numbers of men and women, except in Whitehall II (most being men) and Helsinki (only men included). Although absolute percentages varied between countries, patterns of increasing percentages of lower educated participants and decreasing percentages of higher grade professionals by increasing neighbourhood unemployment quartiles were found in all studies. In all studies, and both in men and women (except in women in London), mortality rates increased with increasing quartiles of neighbourhood unemployment (table 4) . Adjusted for age, increasing hazard ratios were found by increasing quartiles of neighbourhood unemployment in all studies in men (table 5). The age adjusted hazard ratio in the highest compared with the lowest quartile of neighbourhood unemployment was highest in the Whitehall II study (HR = 1.70, 95% CI 1.22 to 2.36) and lowest in Turin (HR = 1.28, 95% CI 1.23 to 1.35). Additional adjustment for individual levels of education and occupation attenuated the hazard ratios from 31% (GLOBE) to 73% (Whitehall II). Hazard ratios of living in the quartile with the highest compared with the lowest unemployment rates remained significantly increased in all studies, except in the Whitehall II study (HR = 1.19, 95% CI 0.79 to 1.78). In the ARIC study a significant association was found in the third but not in the fourth quartile.
In women, essentially similar patterns were observed, but confidence intervals were wider because of the lower number of deaths. Age adjusted hazard ratios attenuated after adjustment for education and occupation and were significantly increased in the ARIC study (HR = 1.63, 95% CI 1.20 to 2.22), in Turin (HR = 1.12, 95% CI 1.05 to 1.20), and in Madrid (HR = 1.24, 95% CI 1.13 to 1.36).
DISCUSSION
In this study, a pattern of increasing hazard ratios of mortality with increasing neighbourhood unemployment rates was found in samples in six countries. Additional adjustment for education and occupation of study participants attenuated the hazard ratios to modest values, but hazard ratios of living in the quartiles of the highest compared with the lowest unemployment rates remained significantly increased in men (except for the Whitehall II study) and, less consistently, in women (for the ARIC study, Madrid, and Turin).
A strength of this study is the inclusion of data from the US, and five European countries geographically varying from the north (Finland) to the middle (United Kingdom and the Netherlands) and to the south of Europe (Italy and Spain). Furthermore, we used similar socioeconomic indicators at both the neighbourhood and individual level in all countries, and analysed data according to a cooperatively developed plan of analysis. Nevertheless, methodological differences between the studies may have influenced the comparability of the results. Firstly, although studies were carried out in urban settings (with the exception of Forsyth County in the ARIC study), the sizes of the cities included varied considerably. It is possible that deprivation related characteristics affect health differently in cities of different sizes. A Dutch study however, suggests that associations between neighbourhood deprivation and self reported health in 25-64 year old adults are rather similar in cities of different sizes. 16 We also did not find substantial differences across the six studies despite differences in the areas included in each study. Secondly, two different designs were used to assess the associations in the studies. Clearly an important difference between the population based register studies and the prospective cohort studies was the number of deaths included and therefore the statistical power to detect neighbourhood inequalities in mortality. It may explain to some extent that in women, significantly increased hazard ratios were found in Turin and Madrid only. Furthermore, using samples instead of whole populations increases the risk of selection bias if study participants are selected based on both neighbourhood characteristics and mortality risk. For example, a healthy worker effect in the occupation based cohort of Whitehall II may have contributed to some weaker evidence of an effect of neighbourhood unemployment on mortality in men, if Whitehall employees from high unemployment neighbourhoods differ systematically in mortality risk from other neighbourhood residents. Thirdly, the number of residents in the neighbourhoods varied from about 1000-2000 in the ARIC and GLOBE study to roughly 14 000 residents in Helsinki. Theoretically, the larger the neighbourhood is, the greater the heterogeneity in terms of socioeconomic disadvantage. Reijneveld et al however, showed that odds ratios of a poor self rated health (and other self reported health outcomes) for living in the upper compared with the lowest tertiles of deprivation were similar for three areas differing in size (neighbourhoods, comparable to those in the GLOBE study, postcode sectors (for example, areas larger than neighbourhoods), and boroughs (in size more comparable to the areas used in Helsinki). 17 We also found no substantial differences in associations of neighbourhood characteristics with mortality despite large differences in the definition of neighbourhoods across countries. Fourthly, differences in the classification of groups according to education and particularly occupation could not be avoided. This could have led to different degrees of adjustment for individual level socioeconomic indicators across studies. However, findings were comparatively similar across countries both before and after adjustment for individual level variables. With respect to this adjustment, it should also be mentioned that in some but not all studies data were available on individual level employment status. Additional adjustment for this employment status hardly changed the hazard ratios, and we therefore believe that we controlled sufficiently for socioeconomic factors at the individual level by including education and occupation. 
Key points
N A pattern of increasing hazard ratios of mortality with increasing neighbourhood unemployment rates was found in samples in six countries.
N There was no evidence that the association between neighbourhood unemployment and mortality was substantially modified by country context among the six countries studied.
N Improving health of populations in general, and reducing socioeconomic inequalities in health, requires targeting on both people and places.
Neighbourhood unemployment was used as an indicator of area deprivation in all studies. Although it was measured in essentially the same way in most countries the utility of unemployment as a marker of the area features directly relevant to health may differ between countries. We assessed the correlation coefficients between neighbourhood unemployment and other indicators of neighbourhood deprivation in all countries. Neighbourhood unemployment correlated inversely with neighbourhood income (20.51,r,20.77, p,0.01) in all studies with available data (all but Whitehall II) and with the percentage owner occupied dwellings (20.43,r,20.79, p,0.01) (available in all studies but Madrid), although the second association was not significant for Turin. Although these correlations suggest that unemployment is related to other measures of area deprivation in a similar direction in all countries, there may be differences in the country specific environmental correlates of area unemployment. Inclusion of other indicators of neighbourhood deprivation similarly defined across studies would have strengthened the analyses.
The ARIC study was the only study with a substantial number of participants from more than one race. To make all populations comparable, we restricted the analyses in the ARIC study to white people. Black people however, may reside more often in neighbourhoods with high unemployment rates, and premature mortality is higher in black people compared with white people. 18 Thus, the results presented for the ARIC study may underestimate the overall association between area unemployment and mortality. Indeed, the analyses repeated with black and white subjects, showed higher hazard ratios. For example, the hazard ratio in the highest compared with the lowest quartile of neighbourhood unemployment was 1.59 (95% CI 1.32 to 1.92) in men and 1.95 (95% CI 1.49 to 2.56) in women, after adjustment for age, education, and occupation. After further adjustment for race the associations were similar to those observed in the other studies (the hazard ratio in the highest compared with the lowest quartile of neighbourhood unemployment was 1.30 (95% CI 1.05 to 1.60) in men and 1.27 (95% CI 0.94 to 1.71) in women).
Despite modest values and a less consistent pattern in women, our study showed increasing hazard ratios with increasing levels of neighbourhood unemployment in all studies after adjustment for age, education, and occupation. There are several reasons why differences in associations across countries might have been expected. Differences in the size of the associations could have occurred between countries because of differences in the absolute levels (and ranges in the levels) of deprivation. The large range in unemployment across studies did not permit the examination of categories with similar absolute cut offs so centile based categories specific to each study were used. This implies that the groups compared may differ by country. It is interesting to note the similarity in hazard ratios in Helsinki and Madrid despite the large differences in neighbourhood unemployment rates between these cities. This suggests that the way in which unemployment is distributed across cities influences the hazard of mortality, regardless of the absolute level of unemployment. Secondly, differences in the size of the associations could have been attributable to differences in degree of residential segregation by socioeconomic position, and differences between disadvantaged and advantaged neighbourhoods in terms of their physical and social environments between countries. However, adjustment for education and occupation did not result in substantial country differences in the associations. Thirdly, country level policies may contribute to increasing or attenuating neighbourhood effects on health. For example, the provision of welfare and public services may be of higher quality and more uniformly distributed in some countries, and may contribute to reducing the health impact of living in disadvantaged neighbourhoods. It has been argued, for example, that the stronger association between income inequality and mortality in the US compared with Canada may be explained by the universal availability of publicly funded services in Canada compared with the market led provision of services in the US. 19 Our study, however, showed associations of similar sizes in the ARIC study and the studies in European samples despite differences in welfare and health policy.
The similarity in the (size of) associations in different countries makes it tempting to speculate about a general mechanism underlying the associations. For example, it is not unlikely that area deprivation is associated with similar processes involving health effects of the physical and social neighbourhood environment in all countries. Investigating selective migration processes, determined by either wealth or health across countries would also contribute to understanding the processes underlying the associations reported. It is also possible that the countries studied were not different enough in policies to permit detection of modification of area effects by country contexts. Examination in a broader range of countries may be necessary to detect if area differences are indeed modified by country level factors.
The general pattern found in this study adds to the growing recognition of a role of place for health. Improving health of populations in general, and reducing socioeconomic inequalities in health, requires targeting on both people and places, as soon as a sufficient understanding of the processes relating the neighbourhood socioeconomic environment to health is obtained. Although it needs to be recognised that contextual associations as investigated here will most probably always be to some extent dependent on the context in which they are investigated, our study provides a rationale for research on exploring general mechanisms for the association between area deprivation and mortality. It is only after having obtained more insight in the mechanisms relating areas deprivation to mortality that policy recommendations can be formulated aimed at reducing the impact of the residential environment on health. In conclusion, associations between neighbourhood unemployment (as a marker for area deprivation) and mortality were found in the US and five European countries, after adjustment for education and occupation at the individual level. There was no evidence that this association was modified by country context among the six countries studied. 
